Rheumatoid arthritis (RA) is a chronic, multisystemic, inflammatory disease with an unknown etiology that causes progressive destruction in the joints, [1] with the hands and wrists being the most frequent actively involved joints. [2] Hand involvement significantly affects daily living activities, [3] and RA results in the deterioration of hand function by causing swelling, pain, and deformity. In addition, by causing a decrease in the range of motion in the joints as well as weakened muscles and loss of grip strength. [4] The aims of our study were to evaluate the hand functions of patients with RA by using hand grip strengths and the Duruoz Hand Index (DHI) while also investigating the relationship between hand functions using the Disease Activity Score 28 (DAS 28), Signals of Functional Impairment (SOFI) index, Health Assessment Questionnaire (HAQ), Rheumatoid Arthritis Articular Damage (RAAD) score, modified Sharp Score (MSS), visual analog scale (VAS), and duration of disease. In addition, we investigated the correlation among the variables.
PATIENTS AND METHODS
The study was comprised of 102 patients (78 females, 24 males; mean age 52.8±10.5 years; range 26 to 69 years) who were diagnosed with RA according to the American College of Rheumatology (ACR) classification criteria, [5] and written informed consent was obtained from all of the participants. Patients with cervical disc disease, psychiatric disorders, or a previous cerebrovascular accident and those who had endocrinal [diabetes mellitus (DM), thyroid disease, etc.], traumatic, neurological, or muscular disorders that could affect hand functions were excluded. The patients were questioned to obtain their demographic information, and extraarticular involvement of RA involving the skin or eyes as well as problems involving the pulmonary, cardiac, neurological, hepatic, hematological, vascular, or renal systems was recorded. The joints of the patients were also examined, and the number of tender and swollen joints was noted. In addition, the rheumatoid factor (RF), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels were ascertained.
Hand deformities that developed due to RA were also evaluated. Grip strength was measured using a Jamar® dynamometer or a Baseline® hydraulic hand dynamometer (Fabrication Enterprises, Inc., Irvington, NY, USA). [6] Pinch strengths (tip-totip, lateral, and three-point pinch) were measured using a Baseline hydraulic pinch gauge (Fabrication Enterprises, Irvington, NY, USA). Grip strength was measured while the patient was seated with the elbow flexed at a 90° angle. The palm was turned inward toward the body, and the total inner hand surface grasped the dynamometer handle. Tip-to-tip pinch strength was measured with the palm facing down while force was exerted between the pads of the index finger and the thumb. Lateral pinch strength measurements were done with the palm facing medially while force was exerted between the pad of the thumb and the opposing lateral side of the middle phalanx of the index finger through the opposing surfaces. The remaining fingers were bent and held together to support the index finger. Three-point pinch strengths were measured with the palm facing down while force was exerted between the pads of the index and middle fingers together and the pad of the thumb. All measurements were performed three times on both hands,. First, the average of two hands was calculated followed by the average of three measurements. The values were recorded in kilograms. [7] The functional disability of the hand was evaluated using the DHI. This index was developed in 1996 by Duruoz et al. [8] and evaluates hand and wristrelated functions using 18 questions. The questions are answered using a scale between 0 and 5, and the total score ranges between 0 and 90. [8] French, English, and Turkish versions of the index have been produced, and the reliability and validity of the Turkish DHI have been proven in studies that were conducted on patients with stroke, traumatic hand flexor tendon injuries, and DM. [9] [10] [11] The pain levels of the patients in our study were determined using a 0-100 mm VAS pain intensity scale. [12] Disease activity was determined with the DAS 28 and calculated using a formula which took into account the number of swollen and tender joints, ESR, and the patients' assessments of global disease activity. [13] The level of disability was investigated using the HAQ, which consists of 20 questions in eight subcategories: dressing and grooming, arising, eating, walking, hygiene, reach, grip, and common daily activities. In this questionnaire, the patients receive a score of 0 if they have no difficulty at all, 1 if they have some difficulty, 2 if they have much difficulty or need the use of an assistive device, and 3 if they are unable to do the activity. In this study, the highest score obtained for any question in a given sub-category determined the score for that sub-category, and the total HAQ score was calculated using the mean of the sub-categories. The Turkish version of the HAQ was shown to be reliable and valid by Küçükdeveci, et al. [14] Functional impairment of our study participants was evaluated using the SOFI index, a performance test that has three parts and evaluates hand along with upper and lower extremity functions. A total score of between 0 and 44 is possible, with the highest score indicating the worst function. [15] No validation study of the Turkish version has been conducted yet. The RAAD index is used to clinically evaluate articular damage and is based on an examination of 35 large and small joints. In this study, the scoring was done as follows: 0= no articular damage; 1= partially damaged; and 2= severe damage, ankylosis, or prosthesis. The result was then recorded, with a possible maximum score of 70. The original form was proven to be a reliable and valid tool, [16] but the validity of the Turkish version has not yet been verified.
The MSS was used in our study to evaluate structural articular damage via plain X-rays taken of both hands. Furthermore, it can also be uses to detect joint erosion and joint space narrowing. The erosion score per each joint of the hands ranges from 0 to 5, and joint space narrowing and joint subluxation or luxation are combined in a single score that ranges from 0 to 4. The maximum total erosion score for two hands is 160, the highest narrowing score is 120, and the maximum MSS score is 280. [17] 
Statistical analysis
The Kolmogrov-Smirnov and Shapiro-Wilk tests were used to test normality while non-parametric tests were preferred for testing the results and scales,. The differences in proportions between the groups were compared using a chi-square or Fisher's exact test where appropriate. Continuous variables, including age, disease duration, and morning stiffness (MS) duration, were compared using the Mann-Whitney U test among categories of grouped variables, and the degree of correlation between the variables was calculated using Spearman's rho correlation coefficients. General descriptive statistics were summarized using numbers and percentages for categorical variables and median (min-max) 
RESULTS
The demographic characteristics of the patients are shown in Table 1 . The mean disease duration was 13.6±9 years. Furthermore, the RF was positive in 63.7% of the patients, and the right hand was dominant in 95.1%. The deformities and their proportions are presented in Table 2 , and at least one hand deformity was found in 93% of the patients.
The clinical parameters of the patients are shown in Table 3 The correlations between the variables were investigated in the second stage of the study, and the relationship between grip and pinch strengths and the other variables is shown in Table 4 . There were statistically significant negative correlations between all grip and pinch strengths and the DAS 28, HAQ, SOFI index, DHI, RAAD scores, MSS, VAS, and disease duration (p<0.001), with the DHI, SOFI index, and HAQ having the highest associations, followed by the DAS 28 and VAS. Grip and pinch strengths and age were not significantly correlated (p>0.05). Additionally, the grip and pinch strengths with respect to gender are shown in Table 5 , and these were significantly greater in the males than the females.
Comparisons between the disease evaluation tools, except for grip and pinch strengths, are shown in Table 6 . There were statistically significant positive correlations between the SOFI index and the DAS 28, HAQ, DHI, RAAD scores, MSS, VAS, and disease duration (p<0.001). There were also statistically significant positive correlations between the DHI and the DAS 28, HAQ, RAAD scores, MSS, VAS, and disease duration (p<0.001), and the RAAD scores were significantly related to the DAS 28, HAQ, DHI, MSS, VAS, and disease duration (p<0.001). Furthermore, statistically significant positive correlations existed between the DAS 28 and the HAQ, MSS, and VAS (p<0.001). A statistically non-significant weak positive correlation was also found between the DAS 28 and disease duration (p>0.05), wheras there were statistically significant positive correlations between the HAQ and the VAS, MSS, and disease duration (p<0.001). Although there was a statistically significant positive correlation between the MSS and disease duration (p<0.001), no relationship was found between those scores and VAS (p>0.05). Furthermore, there was not a statistically significant correlation between the VAS and disease duration (p>0.05). The strongest correlation among the variables was between the HAQ and DHI.
Neither the grip and pinch strengths, the DAS 28, HAQ, SOFI index, DHI, RAAD scores, nor mean VAS showed any statistically significant differences when the seropositive and seronegative patients were compared (p>0.05). However, the MSS was higher in the RF positive cases (p=0.002). The median MSS values of 
DISCUSSION
We found negative correlations between grip and pinch strengths and the DAS 28, HAQ, SOFI index, DHI, RAAD scores, MSS, VAS, and disease duration in this study, with the strongest being between the DHI, SOFI index, and HAQ. The HAQ is frequently used for determining a rational course of therapy for diseases and for evaluating treatment efficacy. It is often thought to be as important as laboratory and clinical investigations for patient follow-up. In our study, the DHI was the most strongly correlated variable with grip and pinch strengths. Determination of a significant positive correlation between the dynamometric measurements and the DHI was crucial since it is a scale in which the patients reflect their opinions concerning their hand function. Our results emphasized the importance of grasping and pinching skills on the functionality of the hand. In 2005, Bodur et al. [18] reported that hand disability was related to grip and pinch strength measurements. In their study, hand disability was evaluated using questions from the HAQ that focused on hand functions. Similarly, Nampei et al. [19] found that pinch strength was related to hand disability and deformities of the thumb and index finger. In contrast to those two studies, we evaluated hand disability using the DHI, an index that was developed specifically to assess hand disability in RA patients. In addition to hand disability, we also investigated the relationship between grip strength and general disability, using the HAQ, and impairment, using the SOFI index. Similar to our study, Taştekin et al. [20] reported that grip and pinch strengths (tip-to-tip pinch, key (lateral) pinch, and three-point pinch) were negatively correlated with the DAS 28, DHI, and HAQ. Different from our study they determined that the hand strengths were more strongly correlated with the DAS 28 than the DHI. In the Taştekin et al. [20] study, the mean disease duration was shorter than in our study (10.1 vs. 13.55 years, respectively) and the hand deformity ratios were lower than in our study. Furthermore, they reported that metacarpophalangeal subluxation, swan neck, and boutonniere deformities did not affect grip and pinch strengths, but they found that ulnar deviation deformities were negatively correlated with these strengths. There was approximately twice the number of ulnar deviations in when our patients compare with theirs (87% versus 43%), but this could have been the result of longer disease durations and the higher percentage of hand deformities in our study. In patients with late RA, grip and pinch strengths seem to be affected more by the patients' functional status, whereas in patients with relatively early RA and relatively lesser deformities, hand strength is affected more by disease activity. A limitation of our study was that we did not investigate the relationship between grip and pinch strengths and hand deformities.
Nampei et al. [19] evaluated the hands of 42 RA patients. In contrast to our study, they used a hand disability index to determine functional status, and they found that all pinch strengths were correlated with that index. They also analyzed the relationship between finger deformities and pinch strengths and reported that pinch strengths were weaker with mutilated deformities of the thumb and metacarpophalangeal volar dislocation of the index finger.
Males and females show some differences regarding the progression and results of RA. Similar to the healthy population, the mean grip and pinch strengths of males with RA are greater than that of females. [21] In addition, data in the current literature has also shown more grip strength in male versus female patients.
When we evaluated the relationship between the DHI and other variables other than hand strength, we observed that the DHI had a stronger correlation with the HAQ. This finding emphasized the effect of hand disability on patients' global disability.
A number of radiological scoring methods have been developed to investigate radiological alterations in RA, and we chose the most frequently used method, the MSS, which was modified by van der Heijde, [17] in our study, disease duration was longer and disease activity was higher in patients with more severe articular damage. The positive correlations between the MSS and grip and pinch strengths, the HAQ, SOFI, and DHI showed that impairment and disability increase in conjunction with radiological damage. Kuper [22] and van der Heijde [23] also reported that radiological damage was related to the HAQ.
A disadvantage of radiographs is their inability to give information related to soft tissues. [24] A clinical evaluation of articular damage is vital for detecting disease progression and for providing long-term results. The RAAD, developed by Zijlstra et al., [16] is a fast and easy-to-use method that assesses articular damage via a physical examination. A study by Bodur et al. [18] compared the hand-related questions of the HAQ with RAAD scores and found a significant positive correlation. In our study, there was a negative correlation between the RAAD scores and grip and pinch strengths; however, positive correlations were noted between the RAAD scores and disease duration and disease activity as well as the VAS, HAQ , DHI, SOFI index, and MSS. These results illustrate the connection between the progression of articular damage and the increase in functional impairment. Although we found no correlation between seropositivity, an indicator of poor prognosis, and grip and pinch strengths along with the DAS 28, VAS, RAAD scores, HAQ, SOFI index, and DHI, the presence of higher MSS values in seropositive patients advances the role of seropositivity in the radiological progression.
Pain is the most common complaint of RA patients. [25] The Outcome Measures in Clinical Trials (OMERACT) has suggested that this is the main variable in the central outcome measures set. [26] Pain is more common in women than men. [27] Several studies have reported that even when adjusted for disease severity and physical function, females with RA suffer more pain, [28] and their HAQ scores are higher. [29] Björk et al. [30] reported that as the severity of pain increased, the level of hand disability also increased while activities of daily living (ADL) deteriorated. Similar to the current literature, we found positive correlations between the VAS and the DHI, SOFI index, HAQ, RAAD scores, and DAS 28 in our study.
In conclusion, we determined that grip and pinch strengths were significantly related to disability and impairment, disease activity, articular damage, pain, and disease duration in the RA patients in our study. These results emphasize the importance that grasping and pinching skills have on hand disability and functional impairment. We believe that by keeping disease activity under control, preventing articular damage, and protecting and rehabilitating the hand, disability in RA patients can lessened or possibly even eliminated.
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